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* RCONOMIC ANALYSIS MODELS FOR EVALUATING :
COSTS OF A LIFE CYCLE COST DATA BASE

INTRODUCTION

Background

The Corps of Engineers (CE) will use Life Cycle Cost Analysis (LCCA) as

an integral part of the design process supporting the Military Construction,
Army (MCA) program. MCA design is done in-house at designated CE Districts

and by contract with Architect-Engineers. Design reviews are done in-house at

CE Districts.

There are three factors behind the decision to use LCCA:

1. Higher authority has directed that the CE use LCCA; also, in some
areas, such as environmentally sensitive projects, the law requires use of
LCCA.

2. It is the clear intent of Congress that LCCA be used.

3. The CE believes that LCCA, if it can be implemented cost-effectively,

will provide better designs by lowering life cycle costs for facilities in

terms of costs for training, procedures, data, etc.

To produce a reliable LCCA, the designer/analyst must have timely access

to accurate, reliable data. This is true for every analysis, regardless of

how the calculations are performed. However, absolute levels of accuracy and

reliability are not required. The data need only be accurate enough to sup-

port a design decision; it must be reliable enough to control uncertainty to

an acceptable level.

A Technical Manual describing LCCA techniques and applications is being

prepared for use in the field.

Several alternative scenarios are available for providing data to the
analyst. These range from a fully automated, computer-based, centrally devel-

oped and maintained data base, accessible on short notice by any analyst at -

any location within or outside of the CE; through Division- or District-main-
tained data bases; to a policy of requiring each analyst to develop, on an ad
hoc basis, the data required for each analysis.

The CE must complete three major tasks to develop a plan for supplying

data to support the LCCA policy:

1. The viable alternative methods for supplying necessary data must be

made clear, along with pertinent user behaviors associated with each which
would affect the differential costs of using that alternative.

..--.....- ....... ........ .. . ,.....



7.

2. Mathematical models expressing the differential costs for each alter-
native, Corps-wide, must be developed, along with data requirements and
sources for each model.

3. The models must be exercised with live data to produce a range of ex-
pected differential costs for the selected alternative data supply schemes.

This report addresses tasks 1 and 2 and discusses the development of a
plan to exercise the developed mathematical models. •

Objective

The objectives of this study were (1) to develop economic models repre-
senting the various ways of providing designers with maintenance and repair "
(M&R) data for evaluating each alternative and (2) to prepare a plan for eval-
uating the costs, using the models.

Approach -

The major tasks done for this study were:

Task I. Developing viable alternate modes of providing data to designers
by identifying users, techniques, data requirements, data sources, etc.

Task 2. Preparing criteria for evaluating the viable alternate methods.

Task 3. Developing economic decision models of the alternate methods and
demonstrating the feasibility of each model.

Task 4. Preparing data requirements for decision models, including cost
estimated for data collection.

Task 5. Preparing a plan for making recommendations for the Corps of
Engineers for a decision on data-providing methods, including estimates of
required staff and resources, cost estimates for the analyses, and a report on
the analyses.

On-site interviews were done to insure as much practical input as pos-
sible from the Districts which have been using and will continue to use LCC
analysis. The interviews centered on past experience in conducting LCC
studies; sources of M&R data for those studies; planned procedures for pro-
viding M&R data locally, if required; expected future sources of M&R data; and
preferences as to form and media for delivery of M&R data from a central data
bank, if one should be developed. Interviews were held with the Chief (or his
representative) of the Mechanical-Electrical Section, the Architectural Sec- ..

tion, and the Estimating Section of the Military Branch (or the organizational
equivalents) at the Fort Worth, Savannah, and Sacramento Districts. Detailed
reports on each of the sets of interviews are attached as an Appendix. The
conclusions formed from the interviews are the basis for the viable alternate

modes of data supply.

6
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2 FAC'oHS IN DATA REQUIREMENTS

Users

The preparers of DO Forms 1391 and design brochures clearly need M&R

data, at least at the generic systems level of detail; however, the bulk of
life cycle cost analysis is expected to be performed by facility designers,

either at Districts or at Architect-Engineer (A-E) firms doing design under

contract to the Corps. The remainder of this report deals with providing LCC
data to these designers.

Techniques

Every facility subsystem is comprised of components; the components are

connected to one another in various ways (physically or operationally), and

collectively provide a new, distinct entity--the system itself. For example,
the boilers, controls, ducts, valves, and piping are components of an HVAC
system. The HVAC system exists only when the components are appropriately
connected. Every component has its own M&R Life experience; the system as a

whole also has its own separate M&R life experience, which involves not only

the components, but also the interfaces between components (e.g., the joints
between sections of ducting). At a second level of interdependence, the M&R
experience of any components may be materially influenced by the nature of the
system of which it is a part. For this study, we will concentrate only on the

M&R experience at the first level, i.e., that of the individual components and
that of the system as a whole.

Both maintenance and repair activities require the performance of spe-
cific tasks on a given system component at one or more points over the period
of time of interest--often the entire life of the component. The cost ele-
ments which contribute to the total costs of both maintenance and repair oper-

ations are conceptually identical. The bases for occurrence of the two types
of operations, however, are fundamentally different. What is important is to
note that for each component (and for the system as a whole), both maintenance
and repair activities create a stream of costs occurring at different times,
and that there is such a stream of costs for each type of maintenance or re-

pair activity for each component.

Suppose, for example, that a certain light fixture must be cleaned every

second year and that the lighting elements are to be replaced annually for the
next 20 years, the time horizon of interest. Let the cleaning operation (#l)
schedule be represented by the set T1 = {2, 4, 6, 8, --- 18}, and the re-

placement operation (#2) schedule by T2  t, 2, -- , 191. (In this example,
the schedules are regular, but this need not be the case, generally.) Let the

cost of performing the cleaning operation one time, in current dollars, be
X1. The annual rate of discount is i and the relative inflation factor for
year k is ek. The present value of costs to perform the cleaning operation on
the fixture every other year for 20 years is, then,

P1 = Xl ek

1 kT k [Eq ]
1 (1+0)

'I 7
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For operation 2, the present value is
S

P2 X~keT2 (l+i)k [Eq 21

where X2 represents the current cost of performing operation #2 one time, and

T 2 represents the schedule for operation #2. -

The present value of both maintenance operations for the light fixture

is, then,

P = P1 
+ P2. [Eq 31

S

In reality, maintenance operations and repair operations are identical in
structure, with the important difference that maintenance operations can be
deterministically scheduled far in advance, while repair operations, by defi-
nition, take place when something breaks or fails. That is, the schedule for
repairs on a component must be determined stochastically, based on experienced -

failures. The concept of mean time to failure (or MTTF) of a specific failure P
type on a particular component provides a conceptual tool to prepare probable
repair schedules for components in the same format as maintenance schedules.

Eq 1 can now be extended to include both maintenance and repair opera-

tions of all kinds for all components (and the systems themselves) of all sys-
tems comprising a facility.

Generalizing Eq 1, we have

ek + eh 4
p +Y [q 4] 1.-•-

sES ceC s MEMc kTmcs m,c, s (l+ik reRCshcUrcs r,c,s (l h

where:

i,ej = discount rate and relative inflation factor, respectively, at

period j

Y = cost of repair procedure r on component c of system s, inYr,c,s
current dollars

X = cost of maintenance procedure m on component c of system s,
in current dollars

U = fuju is a point in time when repair procedure r is anticipatedr,c,s to be required on component c of system s}

Tm,c,s = (tit is a point in time when maintenance procedure m is
scheduled to be performed on component c of system s)

Rc = (rjr is a repair procedure specified for component c ofsystem s}

8t
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M (mim is a maintenance procedure specified for component cof system s}

Cs - (cic is a component of system s, or the system as a whole}

S =sIs is a system of the facility)

P present value of M&R for the facility.

Examination of the variables in Eq 4 provides a guide to the data re-
quirements to support a comprehensive program of life cycle cost analysis in-
tegrated into the MCA design program. For every component of every system of
interest in the LCC analysis program (and, separately, for every such system
as a whole), a list of the required maintenance procedures and the expected

repair procedures is needed. For each listed procedure, a schedule and a cur-
rent local cost to perform the procedure one time are required. Finally, the
following are needed: a discount rate, i; a set of relative inflation factors
E = fele is the inflation factor chosen for the kth period after construc-
tion}, relative to the factor for period 0, where E0 = !.00. With these sets
of data, comprehensive life cycle cost analyses can be performed in the most
general situations. Eq 4 is independent of the source of the data sets.

Data Characteristics

This section discusses the several categories of data required for LCC
analysis in the design process and the characteristics of these data which
have an important impact on the practical implementation of an LCC analysis

. program.

A Corps-wide program will require a certain degree of uniformity, while
- allowing for significant geographical differences. The discount rate, i, and

the relative inflation factors, e, are both the kind of data which are most
likely to be established at the Level of the Office of the Chief of Engineers
or higher, and not subject to local modification. Accordingly, neither i nor
e will be further considered in this report.

Specifications for Corps of Engineers projects do not normally specify
equipment by manufacturer and model, but allow the contractor some leeway in
specific equipment selection. Therefore, the designer does not know, at
design time, exactly what items will be installed. The impact on LCC analysis
of this practice is that M&R data must be available on generic systems and
components, not on specific models of specific manufacturers. There are both
positive and negative aspects of this. The positive is that less data must be
maintained, with one generic set perhaps representing several proprietary sys-
tems. The negative is that ways must be devised to select data on proprietary
systems and components that will represent an "average" generic system of the
same kind, to a degree that will support reliable design decisions.

The selection of components and systems is a responsibility of the

designer. However, the selection of the "master list" of generic components
and systems, from which the designer selects for a specific facility design,
is the responsibility of the LCC data base designer. This is because it is as
important to decide which components and systems go into the data base as it

9
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is to decide what representaLive data are stored for each.

For each component and system chosen for inclusion in the data base, Eq 4 .
requires three sets of data for maintenance operations and three for repair
operations. That is, for M&R, the following are required: (1) a list of pro-
cedures, (2) a schedule of when the procedures are to be (or are expected to
be, in the case of repairs) performed, and (3) a current cost to perform (one
time) the procedure at the location of the facility. These data form the bulk
of any LCC data base; their accuracy directly influences the accuracy of the
analyses, and therefore the quality of the design decisions. In light of the
importance of these data, it is useful to examine their sources.

Maintenance and Repair Costs -_
p

A practical approach to development of M&R data is the use of so-called
Engineered Performance Standards (EPS). Rather than relying on historical
records of when maintenance was performed and related costs, the EPS approach
involves the development of standard procedures to be performed at pre-deter-
mined times. The resulting maintenance plans reflect optimum care for compo-
nents and systems, and provide a stable base for cost projections over the "
life cycle. The EPS development process is the same for both maintenance and
repair procedures, except that maintenance schedules are deterministic and
repair schedules are stochastic.

For each component or system, a list of M&R procedures is required

first. Then, this information must be developed for each procedure. P

1. A schedule for its performance

2. Tools (or equipment) to perform the procedure

3. Labor (required skills, number of workers) P

4. Consumable materials and parts

5. Duration of time required to perform the procedure

6. Variable times, e.g., time to get access to the equipment to be
serviced

7. Unit costs for tools, Labor, and consumables and parts.

This information, complete for each procedure, allows establishment of
two things required for use of Eq 4, and which form the foundation of LCC
analysis:

one time cs and2 Xm , the current cost of performing procedure r or m

10 -
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2. Ur c s and Tm c,s, the expected points in time during the life of

component cownen procedure r or m will be performed (item 1).

Placing the data in set theoretic notation gives the following sets:

Q = fqlqj is the number required of equipment j}

L = {1il is the number required of craft j}

N = {nn is the number required of part j}

K = {klk is the cost allocation in dollars per hour for equipment j}

V i {v~v. is the cost allocation in dollars per hour for craft j}

W = {wlw. is the cost allocation in dollars each for part j}

t = time in hours required to perform procedure m or r

g = time in hours associated with the procedure at the site of

interest, e.g., travel or access time.

While each set defined above is properly subscripted to reference pro-
cedure, component, and system (e.g., Qm Cs' N ), the context of the
present discussion is a single procedurA, allow ni us to discard, for the

moment, the subscripts.

Total cost of the procedure is the sum of labor cost, equipment cost, and

parts cost.

Labor cost =time x number of workers x hourly costs

= = ~(t+g) V . . "

Equipment cost = time x number of pieces of equipment x hourly costs

(t+g) qj • k.

Parts cost = number of parts x cost per part

= n. w.

Summing these costs, we have, for a maintenance procedure,

X (t+g) [1 I. • v. + qj k.] + n. • w. [Eq 5]

The same equation holds for a repair procedure, yielding Yr,c,s' with ap-

propriate data sets.

For example, suppose a certain type of heating system component with a

life expectancy of 20 years requires a thorough cleaning every 2 years. This

- cleaning procedure is done by a crew of one plumber, one electrician, and two
laborers, an4 takes 14 hours. Travel and access time totals an additional two

hours. Seven gallons of cleaner at $3.00/gal, four filters at $17.00 each,

" D :-""" ~~............................... ".......... --- "--..-'"'""..... ",-, "" """-........ ....... "



and a dozen disposable cloths at $1.50/dozen, are used in the procedure. A
pickup truck, at a cost of $6.00/hour, and small tools, at a cost of
$0.50/hour, are also used by the crew. Total hourly cost is $17.37 for a •
plumber, $18.21 for an electrician, and $9.66 for a laborer.

The equipment complement is, then:

1. Pickup truck -

2. Small tools -

and the quantity of each is shown by

Q = fl, 1}, and the hourly costs by

K = {$6.00, $0.50}.

The labor crew is:

1. Plumber

2. Electrician

3. Laborer

and the quantity of each is shown by

L = {1, 1, 2}, and the hourly costs by

V = {$17.37, $18.21, $9.66}

The parts set is:

1. Cleaner

2. Filter

3. Disposable cloths

and the quantity of each is shown by

N = f7, 4, 1}, and the unit costs by

W - f$3.00, $17.00, $1.50}.

The time t required to perform the procedure is 14 hours; variable time g
is 2 hours.

The total cost for performing this maintenance procedure one time, in
current dollars, can now be calculated from Eq 5. f --

12
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Xm,c,s = (14 + 2) 11(1 • $17.37) + (1 $18.21) + (2 $9.66)]

+ [(1 $6.00) + (1 0.50)]l + [(7 $3.00) + (4 $17.00)

+ (1 $1.50)]

= (16) ($61.40] + $90.50

Xm,c,s $1072.90

This schedule calls for this procedure to be done every 2 years through-
out the expected Lifetime of the component of 20 years, The schedule is,
then,

T = {2, 4, 6,---, 181mtc,s

Note that the procedure is not performed at the Oth year, since the component
is new and presumably needs no maintenance, nor at the 20th year, since the
expected life of the component has been reached, and replacement is antici-
pated (or retirement of the system of which it is a part).

The portion of the present value P of that part of the maintenance pro-

gram due to the example procedure only can be calculated from Eq 4, if we have
values for ek and i. From Eq 4,

P X [Eq 6] 1

m,c,s keTmc s  m,c,s ek [q 6

Let E fele . I  ej * .04, e. 1.0}

corresponding to inflation factors relative to year 0 to years 2, 4,
6, --- , 16, 18 of the component's life. This set of numbers re-
flects a 4 percent per year linear increase in costs over the period
of interest.

Let the discount rate i = l0%. Then,
P ek

m,c,s kE{2,4,---,18} (1 .10 )k

1.08 + 1.16 + 1.24 + 1.72
=$1072.90 [ 4 + +

(1.10)2 (1.10) (1.10)6 (1.10)

= $1072.90 [.8926 + .7923 + .6999 + .6158 + .5398 + .4716
+ .4108 + .3569 + .30941

$1072.90 (5.0890)

P = $5460M,c,s

Thus, while the procedure costs $1072.90 to perform one time now (i.e.,
at year 0), the procedure's cost for the life of the component has a present
value Pm,c,s of $5460.

13
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Recapitulation .

Each facility is composed of distinct systems; each system is composed of
components. The cost of M&R for the facility is the sum of the M&R costs of

the systems; the system M&R costs are the sum of the component M&R costs. The
M&R costs occur over a number of years and escalate with inflation. Present
values of the streams of annual component M&R costs, appropriately discounted, S
allow the analysis to compare alternative designs in-a consistent manner.

From Eq 5, there is a procedure to calculate rigorously the current one-
time cost for each maintenace and each repair procedure for each component of

each system. In the following, wherever X c,s appears, Yr,c,s can be substi-

tuted, if the context is repair rather than maintenance.

X = (t + g) [ v. + qj kj] + n. • w. [Eq 7]Ii~sJ J .1 J i-

where the variables are as defined in the previous section.

Eq 4 gives a procedure to calculate rigorously the present value of M&R
costs for a single M or R procedure; for all the M&R procedures for a single

component; for all the M&R procedures for all the components of a selected
system; or for all the systems in a facility.

PXe k~

seS ceC mcM keT m,c,s k
s c,s m,c,s (1+0i)

+eh [Eq 81
reRcg s heUr,c, s  r,c,s (1+0-h

where the variables are as defined in the previous section.

The calculations implied by Eq 7 can be simplified by the assignment of a

single lump sum figure to the cost of a procedure:

Xm,c,s =Am,c,s [Eq 91,

Y =A E10
r,c=s r,cs [Eq 10]

The present value of the cost of a single procedure for the life of a
component can be simplified likewise:

ek

A - =Eq 11
kcT m,c,s ( k+i). m,c,s (Eq 111

A = B (Eq 12]
hEUrcs r,c,s (l~i)h r,c,s

14 5
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The preosent value of all M&R costs for the Life ot a component can also
be simplified:

me Bm,c,s M,c,s [Eq 131
C's

B C [:: 141
reR r c s R,c,s

c's

And, finally, the present value of the M&R costs for all the components
(plus the system itself) of a system can be represented as a single figure:

Y. (C, + CR  D = (Eq 151
ceC M,c,s R,c,s s[E15

The present value of M&R for the facility then becomes:

P D [Eq 16)
sES s

Alternately, we have

p(C +) [Eq 17)
sES ceC s  M,c,s R,c,s

We now have a spectrum of "packages" for presenting M&R data to the anal-
yst-designer, ranging from detailed cost analysis at the single procedure
level, through lump sum estimates of life cycle M&R costs at the component
level, to total K&R costs at the systems and facility levels. The computa-
tional framework for rigorous analysis is left intact, while the facilities
for analyses based on less detailed design or cost information are now in
place.

Chapter 3 considers the implications to the supplier of data of the
design process followed in CE design; the analyst-designer's M&R data needs at
various stages in the design process; the opportunities for alternative data

packaging; and the practical realities of getting reliable data.
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DATA SUPPLY

The Design Process

The CE design process for the MCA program is structured in three distinct
phases: Concept, Advance Final, and Final Design. Cost estimaLes are pre-
pared at each phase, and LCC analyses are necessary to support design deci-
sions during each phase. Design detail increases from Concept to Final Design 5
phase. In the Concept Design phase, decisions must be made on the basis of
life cycle costs (including M&R costs) aggregated at the facility system level
(structural frame, cladding, mechanical, roof and roofing, interior wall fin-
ish, flooring, fenestration, etc.).

For this level of design, knowledge by the designer of the composition of
the systems is not detailed enough to support a more detailed LCC analysis
than is represented by Eq 16, i.e.,

P = [ [Eq 181

Where Ds represents the present value of the M&R costs for a selected system s
from a set of functionally equivalent systems. For example, D5 might repre-
sent the present value of the M&R costs for a gas-fired furnace chosen from a

set of alternatives consisting of

1. Gas-fired

2. Oil-fired

3. Coal-fired

4. Electric

What is implied here is that for every seS, there is a set g of alternate
systems i from which s is chosen by the designer to be an element of a partic-
ular facility design.

g = (ili's are functionally equivalent systems}

In the example above,

(Gas-Fired Furnace, Oil-Fired Furnace, Coal-Fired
Furnace, Electric Furnace)

The analyst-designer chooses id% as a part s of his* facility design S;

iss, so that seS. To evaluate the impact of the design decision on the M&R
costs for the facility, the M&R costs for s must be transformed into Ds for
the particular facility under design, using facility design data available at
Concept Design time and such M&R data as is available in appropriate form and

*The male pronoun is used to refer to both genders.
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quality. This generally means that, from DD Form 1391 and the Project Devel-
opment Brochure, the pertinent facility parameters and design constraints
known are those shown in Table I.

For every ic, then, M&R data must be available in a form that will
support the development of Di for every i the analyst-designer chooses to con-
sider for seS. A compromise must be made. On one hand, from Eqs 9 through
15, Di is a function of task, component, and economic data unknown at Concept
Design time. On the other hand, from Table 1, facility data known at the time
is unsupportive of the constructive definition of Di as shown by Eq 8 and sub-
sequent equations.

Data To Support Concept Design

M&R data for use at Concept Design time must, then, be in a form that
allows particularization to acceptable accuracy by the analyst-designer to the
facility in design by use of the known facility parameters, such as those in
Table 1. To support the set of alternate systems g, there must be a related

set of unit cost data 6, such that
f~I.

A 616 is unit M&R cost data for system i} -

For example, from the following,

( (Gas-Fired Furnace, Oil-Fired Furnace, Coal-Fired
Furnace, Electric Furnace)

and A = 6 $/sq ft, 62 $/sq ft, 63 $/sq ft, 64 $/sq ft}

and allow an analyst to calculate, to an acceptable degree of accuracy for
concept design, the present value of M&R costs for each of the four alternate
furnace types by simply multiplying the unit cost 6. in $/sq ft times the
floor area of the facility. 1"

D = 6. x Area

Di., then, is the present value of the ith competing design. When the
*designer chooses from the competing designs, then the present value of the

chosen design becomes D ; s represents the system actually placed in the over-
all facility design. Tge development in Eqs 7 through 17 shows that Ds is a
function of several variables:

Ds = f(t,.g, q, 1, n, k, v, w, E, i, T, U, M, R, C), [Eq 19]

where the variables are as defined in Chapter 2.

Regrouping the variables gives the data sets shown in Table 2.

For a given type of system, the components, procedures, and schedules
remain constant over many years. Crew size and performance times are rela-
tively stable, barring introduction of disruptive technology (e.g., self-
propelled floor scrubbers as a replacement for labor-intensive hand
mopping). Unit cost allocations are not stable and are subject to change at

17
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Table I

Facility Parameters Known at Concept Design Time

Geographic location (installation, state, country)
Facility type (warehouse, BOQ, hospital)
Type of construction (permanent, temporary)
Type of work (new, remodel)
Type of design (standard, special)
Physical characteristics of primary facility

Line drawings
Number of buildings
Number of stories
Length
Width
Site data

Outline specifications
Design capacity (sq ft, cu ft)
Cross area (sq ft)
Cooling (capacity, cost)

Cost estimate
Related projects (e.g., supporting facilities)

Table 2

Sets of Data To Support Rigorous LCC Analysis

I. (t, g) : hours to perform procedures
2. (q, 1, n} : numbers of equipment and parts
3. (k, v, w) : unit cost allocations
4. E . inflation factors
5. i t discount rate
6. (T, U} : schedules for procedures
7. (M, R} : sets of procedures
8. C . set of components for system s

5
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least annually. The inflation factors E are present in the functions to ad-
just unit costs in future years. Both E and the discount rate i are fixed
over long time periods to ensure consistency in LCC analyses geographically
and temporally.

As long as unit cost allocations do not change radically relative to one

another, then once Di for any system 6 has been calculated, it can be advanced
year by year without loss of reliability by multiplying by an appropriate in-
flation factor. Since all costs are tied internally to analysis year 0 costs
through the-set E, and i is constant, no other corrections are required to
retain accuracy. If, for example, Di = $19,763 for system i installed in year
1980, and 12.5 percent inflation was experienced from mid-1980 to mid-1981,
then Di = 1.125 x $19,763 = $22,233 if installation is expected in 1981. Both
installation in 1980 and in 1981 anticipate the same system life, say 25
years, from the installation date.

While this simple correction is easy to use, it does not completely ad-
dress the problem of supplying data to the analyst-designer at Concept Design
time. Eq 4 allows the analyst-designer to perform a rigorous LCC analysis on
a particular, though generic, system. Pre-packaging elements of the expres-
sion to reduce the labor of computing a system M&R present value is analogous
to pre-packaging the system itself: there is no guarantee that either will be
appropriate for a specific facility. In order for pre-packaged system-level
data to be usable at Concept Design time, it must be expressed in terms of the

facility variables known at that time; i.e., one or more of the parameters in
Table 1. The knowledge that a built-up roofing system for a facility covering
200,000 sq ft has a present value for M&R of $17,000 is not imediately useful
to a designer of a 300,000-sq-ft facility of the same kind; however, the in-
formation that the present value is $0.085/sq ft for M&R for buildings of this

. type (100,000 to 400,000 sq ft roof area) allows the designer to quickly
. extrapolate to a present value of 0.085 x 300,000 = $25,500 for his design.

The previous example presupposes a linear relationship between M&R costs
and roof area, which may or may not be the case for roofs or for building sys-
tems in general. What is important in the present context are the assumptions
that (1) a relationship can be four.d empirically between M&R costs and the

building parameters known at Concept Design time, (2) these relationships can
be determined economically, (3) key data can be expressed economically, con-
cisely, and accurately to the analyst-designer, (4) the time and effort re-
quired to customize the data to a particular concept design is consistent with
the accuracy of the input data, and (5) the resulting M&R estimates are accep-
tably accurate to support design decisions at Concept Design time.

Each of these assumptions must be tested for each system included in a

Concept Design-level M&R database. Assuming a constructive approach using the
EPS concept, the data supplier must, in addition to providing the basic data
in Eq 19, perform the following tasks in order to package data appropriately
for use at Concept Design time.
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Task I

Exercise the model, with a spectrum of data values represented by Eqs 7 .
and 8, enough times to generate a valid statistical universe for each system;
from this, the first two assumptions above can be tested and substantiated so
that a relationship can be found, and found economically, between M&R costs
and the building parameters known at Concept Design time.

Task 2 0

Determine how to present the key data discovered in Task I in such a way

as to support the last three assumptions above to minimize user time while
retaining required accuracy.

Task 3 0

Generate and display the aggregated Concept Design-level data to the
analyst-designer who is to use it, ensuring timely updates as required by sig-
nificant changes in the parameters of Eq 19. Practically speaking, this will .-

likely be confined to updates to relative inflation factors.

The tasks which the data supplier must perform to support the analyst-
designer in the Advance Final and Final Design phases are considered in the
next section. These tasks must also be performed prior to the three sup-

porting tasks unique to Concept Design just discussed.

Data To Support Advance Final and Final Design

While specifics may change as a design moves from the Advance Final to
the Final Design phase, the designer has no increment in the level of detail
of knowledge of components and systems. Consequently, data requirements of
both phases can be treated as a single entity, without loss of rigor. By the
time the Advance Final phase has ended, every system has been configured and
the set of components for each must be known. The implications of this are
that the designer must synthesize a set of alternate generic system designs g,
perform LCC analysis D on each id€, and select a final iss, which becomes a
part of the design, set; further implications are that the process requires
system assembly from appropriate components, each of which has associated with
it an M&R cost value. In the terminology of Eqs 13 and 14, the present value
of the M&R costs or a single component c of system s is

P mM B +re B [Eq 201
c,s mc ,s rc c,s r,c,s

In other words, it represents the sum of the present values of the maintenance
tasks and the repair tasks.

While it is probable that in most design situations in this phase that
data presented at the level of detail of Eq 20 ,'ould be adequate, the data
supplier must nevertheless construct the design data by using Eqs 7 and 8, and
package it by using Eqs 9 through 14; the analyst-designer must also have the
ability (and supporting data) to develop component-level data from its ele-
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ments in order to perform analyses for project-unique situations. To support
analyses up to system level, this obligates the data supplier to provide data
for every variable given in Table 2; to aggregate elementary data for compo-
nents with Eqs 9 through 14 and Eq 20, where feasible; and to provide the lump
sum cost figure A, B, C, D for those cases where constructive values cannot be
produced. Expanded, these sets of data which must be supplied to the analyst-
designer to support LCC analysis at Advance Final - Final Design time are as
shown in Table 3. Variables are as defined previously.

The M&R cost for a single component lies at the heart of LCC analysis at
this level of detail. It is useful at this point to examine the different
ways that the analyses may be carried out, depending on availability of
data. Eqs 7 and 8 present the rigorous approach and the framework for all
other approaches. Against the backdrop of Eqs 9 through 14, the following
calculation steps in a typical LCC analysis for a single component can be
itemized:

TI: One-time cost of a procedure (M or R)

T2: Present value of a procedure for the life expectancy of the
component

T3: Present value of all procedures for the life expectancy of
the component

We consider the alternative ways of performing each step facing the anal-
yst-designer:

ToOne-time cost of a procedure.

Table 3

Sets of Data To Support Advance Final - Final Design

1. (t, g} : hours to perform procedures
2. (q, L, n) : numbers of equipment, workers, and parts
3. [k, v, w) : unit cost allocations
4. E : inflation factors
5. i : discount rate
6. (T, U) : schedules for procedures
7. (M, R} : sets of procedures
8. C : set of components for system s
9. (Xm cAr,c,s) : lump sum cost for a procedure

10. (B, c ,* s : present value of cost for a procedure
11. sR~c : total present value for all procedures
12. Ds  : present value, lump sum for system
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This step can be done rigorously by Eq 7,

IAm Xm'c's =(t~g~fz 1. -v. +. q. *kj+ n. w

or by assigning a single lump sum value to Xm'c'sV

and correspondingly for Yrcs ~r n ~

T:Present value of a procedure. ---

lot
The options are to calculate from Eq 8,

IAm : IX km M ' kET MC m'c's (1+

or to assign a single lump sum value,

IM ~M = Ccsl

and correspondingly for P , hAr and IIBr * Note that Option HAM is inde-
pendent of the source of 1, and that Option IIBm requires no prior deter-
mination of a value for Xmm'c's' r~~~

T Present value of all procedures.
3I

The options are to calculate from Eq 8,

IIIA : PM mM Xek.
c M m s keTcs m'C's (lik

or to assign a single lump sum value,

pnden corsof ditheysourc of R' and IIIBR Note that Option IIIAM is inde-
pendet ofthe ourc ms ', and that Option IIIBM requires no prior

determination of a value for'1* C' or Yrcs

Figure 1 graphically presents the data options facing the analyst and the __
progression of the analysis.

In Figure 1, data flows upward to the completed Present Value P for the
component. In each box, OR represents a choice of data form; e.g. , YA OR lB
represents the choice in a particular analysis to use the construc t ve value
for Xmsor the lump sum value A .Examples of the choices of data
leadinicio a PC are reflected in tWIccgllowing versions of Eq 8:

(1) p = + ek
cc M CSkTm'c's Xm'c's (l+0) k R,c's

(2) P X +, k B, +~ B
c tucK keT, m 'cs .k M'' e ~C Vs m ,C's (1+0 ,~ reCs rcs
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Pc PM + P Total present value
for component c

lIlA OR IIB INA OR IIIB Present value for all
procedures M and R

Perform fr all procedures for component c.

11A hA OR IIB Present value for one
procedure for all years

A0 1B Basic cost of one
procedure, performed

maintenane roeire 'Basic procedure data:
procedure procedure costs and schedule

Figure 1. Flow diagram representing data options and analysis progression.

where rigorous calculations are made for some maintenance costs (n') and a
lump sum is assumed for others (m"), and a set of lump sums is assumed for the
repair costs.

Example (1) here requires, at a minimum, that data be available to sup-
port IAm and IIIB r. Example (2) requires that data support some IA and some
IBm, and also IIBr . In general, the distribution and magnitude of data sup-
port depend on the patterns of assembly of P , which in turn depend on the
preferences of the analyst-designer, the number of components examined, the
systems considered, and the types and numbers of facilities under design.

If the function f.(x) represents the cost of supplying data to task x by
means j, the cost of supplying data for the analysis can be calculated for a
single component, and by extension, for the entire MCA program. For example,
if F = (f1  f 

}, then f, represents the cost function associated with sup-
plying data through, say, a central computer database, and f2 represents the
cost function for supplying data through, say, the efforts on an ad hoc basis
of the individual analyst-designer.

23
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With this notation, the cost for supplying data by means j to support the
analysis represented by Example (1) above is

(1) fj ( = ml fj (f A) + f. (ILIBr.

where m, represents the number of procedures meM.

That for the analysis pattern of Example (2) is

(2) f. (P) = ml fj (IA + m2 ) +rl f (llBc M) m 2 I~ fj CIIr)

where ml, m2 , and rl represent, respectively, the number of
procedures m'EM, m"eM, and rcR.

Note that the data cost for pattern (1) may differ from that of pattern
(2); also, a different means k#j of supplying this could result in a different
cost for the same pattern; i.e., fj (P) fk (Pc), even for the same pattern,
if k#j.

The expression of cost of supplying data for analyzing a single component
can now be generalized:

f (P) M f. (IA) + m f.(IB) + m f (IB) +Cj j m 3  m

m4  f (IIIB ) +
j m

rI  f. (IA) + r2 f (IB) + r3  f. CIB) +j rj r r --

r f. (IIIB) (Eq 211j r

where the coefficients mi. and ri represent the numbers of times the data is
supplied for the calculation.

The cost for data by means j for all the components ceC of system s is
represented by s

f. (P) = f. (P). [Eq 22]
j s ceC j c

The cost for data by means j for all the systems seS of a facility C is
represented by

f. (P) = f. (P) [Eq 23] 9
o seS j s

Eqs 21 through 23 do not account for the extra work in developing data
for study of alternate systems to guide design decisions, nor for study of
alternate components for each of the alternate systems. That is, the analyst-
designer actually considers i before selecting seS, the actual system s in
the final design S. This additional work is accounted for by the following
modifications to Eqs 22 and 23:
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fj (P) = Yc f " (e [Eq 24]

- where y represents the number of times analyses are done for alternatives to

-. component c;

f. (P) f. (P) [Eq 251j a ses s j s ;

where B represents the number of times analyses are done for alternatives to

system s.

Extending, for the subset of the MCA program for which LCC analysis is to
be done for a single year y, we have, for means

f. (MCA) = f. (P) [Eq 261
J y acMCA jY

and from Eq 25,

f. (PCA) = f. (P) [Eq 271j y aCMCA seS sj s
y

and from Eq 24,

fj (MCAy) = B Y f. (P) "  [Eq 281
y aCMCA sCS sceC cs  c

y 5

where MCA represents the set of projects in the MCA program for year y.
y

The present value of the total costs for means j over a horizon of n
* years, is, from Eq 26,

n• e

Sf. (P) e (Eq 29]MCA y=l cMCA ( a
y (1+i)y

where ev represents a relative inflation factor for year y, and i is the dis-

count r te.

In summary, expressions have been developed that, knowing the costs to
supply eight kinds of data for analysis of a single component, and the numbers

of components, systems, and facilities to be analyzed in future MCA programs,

the present value of the costs for a single means of providing the data can be

" determined.

Attention can now be given to the practical matters of viable modes of
providing data and tailoring the general expressions for each viable mode.
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Modes of Supply

A spectrum of modes of supply of data for the analyses is possible. At
one end lies the centralized CE-wide computer database, providing up-to-date
data on any level immediately on demand, through remote terminals at the anal-
yst-designer's work area that are connected to the central computer. At the ...:.-

opposite end, the individual analyst-designer is required to locate his own
data for every analysis performed. At an intermediate level lies a centrally S
assembled database, available to the analyst-designer through an LCC Data
Handbook, which would be updated periodically. At another intermediate level
lies a database prepared and maintained at the Division (or District) level,
with the data distributed through LCC Data Handbooks.

S

Criteria for Evaluatinl Modes of Supply

Not all conceivable scenarios, however plausible, have high enough prob-
ability to warrant the expense of a full economic analysis. A serious con-
tender for implementation will exhibit the following features:

1. Consistency with present modes of operation for data acquisition,
distribution, and use within the CE

2. Capability for supply of data in quantity and quality required for
reliable, timely LCC analyses -

3. Demonstrated support by analyst-designers and supervisors now per-
forming LCC analyses in the CE

4. An a priori high probability of being economically justifiable in
terms of contribution to the overall cost of the LCC analysis program re-
garding the benefits to the MCA program of performing LCC analysis at all. -.

Summary of Viable Modes of Supply

In view of the criteria set up for viable alternative modes of supply,
two are suitable for serious examination. Both were mentioned repeatedly
during interviews at District design units (see Appendix), and both meet all
the stated requirements.

1. Mode 1. Data to be acquired at the OCE level, processed as required,
and distributed by means of LCC Data Handbooks, with geographical and infla-
tion modification factors supplied by the same source.

2. Mode 2. Data to be acquired at the District level, on an ad hoc
basis, by the individual analyst-designers; limited or no distribution outside
local design groups; geographical and inflation factors implicit in the ac-
quired data; all processing of data, including aggregation for system-level
analyses at Concept Design time, locally generated; all processing of data for
analyses done at the District level by the analyst-designer; no buildup of

data bank.
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Lj ECONOMIC ANALYSIS MODELS

Model for Centralized Data Management (Mode 1)

Eqs 21 through 29 must be particuLarized to consider explicitly the costs

associated with centralized data management. From Eq 28, for the year y, the

cost of data for the MCA program, letting the cost function for Mode 1 be f

is:

f (MCA)= y y f (P) [Eq 30]
1 y QEMCA seS sceC c 1 cy s

With centralized data management, all effort to acquire data and format

and distribute it is concentrated at the OCE level. The data acquisition
effort on the part of the analyst-designer is negligible. Component data will

be prepared one time only for each component ceCd, for every id%, that is, for

the master component and system sets from which analyst-designers choose
ceC, sES, the final designs.

Eq 21 becomes

fl (Pc M f1 (IA) + 2  f (B + m f1 (IIBm) + m4  fl (IIIBm) +

1 (P 1 1 m 2 1 m 3 im 4

r f (IA) + r f (IS) + r f (IIB) +
1 1 r 2 1 r 3 1 r

r(4 f 1 ) [Eq 31]

where the coefficients represent the number of times the data is acquired for

calculating the cost for the single component c.

With this data system, specific data is acquired only one time. Conse-

quently, factors y and a are unity, leading to

f (MCA) f (P) [Eq 32-
ey eMCA its cEC 1 c

y s

A complete system will not include data for only elements that appear in

a single year y MCA program, but will encompass the MCA program in general.

Hence, Eq 32 becomes

f (MCA) X f (P) Eq 331
aMCA scS ceC 1 c"s

Eq 33 provides a total cost for acquiring basic M&R data at the component

level to support LCC analysis for Advance Final - Final design. It does not

provide for the costs of

1. Processing the data for use at Concept Design

2. Managing, formatting, updating, and distributing the data to users
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3. Acquiring the hardware and software required

4. Managing and staffing the entire operation.

Cost increment (1) is a function of that covered already in Eq 33, since

it builds directly on that data. It is reasonable, then, to account for this

increment by a factor $ > 1.

Cost increments (2) and (4) are also, logically, functions of database
magnitude and, therefore,.of cost. These increments can be included by the

inclusion of a second factor 0 > 1.

Cost increment (3), acquiring the hardware and software, is best handled
as an added cost increment, as Z, in dollars. Thus:

f (MCA) = Z + As f (P[) (Eq 341
1 eMCA sES cC I cs

where Z = one-time cost for hardware and software

= factor to provide for additional processing of component data
for use at Concept Design time

= factor representing the present value of the cost of operations
for n years. Other variables are as previously defined.

Eq 34 gives a present value of the acquisition costs for hardware, soft-
ware, and data, plus the costs to assemble data for use at Concept Design
time, plus the operating costs for n years.

Mode for District-Level, Ad Hoc Data Acquisition (Mode 2)

From Eq 21, letting f2 represent the cost function for this totally de-

centralized mode,

f2 = ml f2 (IA ) + m 2  f f2 (IBm) + m3  f2 (I18) + :

4  f2 (IIIB ) +m4 2m : -:

f (IA) + r2  f2 (IB) + r3  f2 (IB) +1r 2 r 2 2 r 3 2""

*4 f2 (IIIB ) [Eq 351

where the coefficients represent the number of times the analyst-designer ac-

quires the data for the calculations of cost for the single component c.

From Eq 28,

f2 (MCAy C scS : Y2 Y 2 (P  (Eq 3612 QMCAy sCSs ceC 2 c .--
y ~ y
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where the varinbies wire as defined earlier.

Eq 36 gives a cost for data acquisition for one year for analyses at
Advance Final - Final design time. To increment this cost to cover additional
data processing for analyses at Concept Design time, factor 4 is again

applied.

f (MCA) =eMCA s s cfC c [Eq 37•
y s

Eq 37 gives a total cost for data for one year.

To compare the costs for Mode 1 with those of Mode 2, the present value

for Eq 37 must be calculated over n years.

n e

f(MCA) 1Y 2 (i(Pc [Eq 38"2 ( =i acMCA sea ScEC c 2
y s c.1+

where the variables are as defined earlier.

Equivalent Annual Costs

An often-used alternative to present value as a common measure of costs
of competing alternatives is the equivalent annual cost. This format allows
comparison, in current dollars, of the annual costs of competing alternatives,
taking into consideration the discount rate and the need to amortize capital
costs (here Z, the investment in hardware, software, and data for Mode 1) over
a period of years. To convert the present values calculated by Eq 34 or Eq 38
to equivalent annual cost (EAC) in current dollars over n years for Node k:

EACk (MCA) = fk (MCA) [Eq 39]

where i = discount rate

n = number of years to amortize

fk (MCA) is found by Eq 34 or 38, as appropriate.

For Mode 1, Eq 34 is used, and from Eq 39, for its equivalent annual
cost:

EAC (MCA) [Z + f • - MC (Ac [Eq 401 -
a1MCA sea cec s  (3 4i)n_l [Eq-40

Similarly, for Mode 2:

n

EAC (MCA) [ S f (Pc) I.-1[(l+
i)n [Eq 41]

2 y=l GcMCA sCS c6C c 2 c (1+i)y (1+i)n 1
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Use of Models

The application of the economic models to estimate the costs of data pro-
vision by each of the two modes considered here is straightforward. There are
two steps:

1. Identify the data elements from Eqs 35 through 39 and acquire these

data values.

2. Carry out the calculations specified in Eqs 35 through 39.

That Eqs 35 through 39 are well-defined is prima facie evidence that the
exercise of the models is technically feasible. Examples of the application
of both models, using assumed values for the variables, are presented in
Chapter 5.
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5 APPLICATION OF THE ECONOMIC ANALYSIS MODELS

Examples

Mode 1, Centralized Data Management, Present Value

In Eq 34 the general expression for the present value of Mode I has been

developed:

f (MCA) =Z + •, f (P)
1 cMCA seS ceC~ 1 c

where Z = capital investment, in current dollars, for computer hardware and
the specialized programs for centralized data management

= factor, > 1, to provide for the additional processing of component
data for use at Concept Design time, as a percentage of the cost of
acquiring the component data

$ = factor to provide for the present value of the cost of operating the
centralized data management system for n years, as a percentage of
the cost of acquiring the component data

meMCA represents the facilities a in the union of the MCA programs for -.

the next n years for which LCC analyses will be performed

scS represents the system sES in the facilities a which will be sub-
jected to LCC analysis

cEC represents the components ccC of the systems seS which appear in
ehe facilities a of the MCA prolram over the next n years

f (Pc) represents the cost, as shown in Eq 31, of acquiring data for
the centralized data management system for one component, ccC, of
system s.

Assume an interest in estimating the present value of the costs that will
be incurred in a limited program that provides data on a few common components
(e.g., heating systems, roofing systems, and flooring systems). The entire
capital investment in the data is expressed by Eq 42, ,' -"

KD =fC S c f (P) [Eq 42]aeMCA sES c€C I C-

s

Eq 34 becomes, then,

f (MCA) = Z + * • KD [Eq 43]

Let Z = $125,000, the cost of a mini computer, software, and peripherals,
including modems to allow remote terminal communications. The cost of term-
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inals is ignored, since all Districts already have them. The cost to acquire
data, KD, is, say, $200,000. It is assumed that it will cost 10 percent of

the cost of the data, or $20,000, to process it for Concept Design use,
making 1.10.

If a $60,000/year cost is assumed for operating the centralized data man-

agement system, including telephone line costs, allowing for an 8 percent
yearly linear increase and a discount rate of 10 percent, gives, for a 5-year
horizon, a present value of operating costs of

4

op. Costspv $60,000 Z 1 + (0.08)y
y=o (1.10).

+ 1.08 1 1.16 1.24 1.32
(1.10) 1  (1.10) 2  (1.10) 3  (1.10) 4 .

= $60,000 [1.00 + 0.982 + 0.959 + 0.932 + 0.902]

= $60,000 (4.7751 lp
= $286,500

The factor 0, then, is 1 + 200,000 or 1.698.
285,500' r168

Summarizing, _

Z = $125,000

= 1.698

KD = $200,000.

Therefore,

f1 (MCA) = $125,000 + (1.10) (1.698) ($200,000)

$125,000 + $373,560

= $498,560, total cost for 5 years operation of the
centralized data management system, including acquisition
of the component data.

Mode 1, Centralized Data Management, Equivalent Annual Cost (EAC)

From Eq 40:

EAC (MCA) = [Z + f (P ) (MCAEq 441
1 eMCA seS ccC 1 c (~~
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n

EAC (MCA) f (MCA) [i(1+i)

For n = 5 years, and a discount rate, as above, of 10 percent:

0.100I. 10)
EAC, (MCA) $498,560 0 ( ]

(I.10)5 -1

$498,560 (0.264)

$131,620, cost per year to establish and operate the
centralized data management system.

Mode 2, District-Level, Ad Hoc Data Acquisition, Present Value

From Eq 38, for Mode 2, the present value for providing data for the

entire MCA program for n years is

n e L
f (MCA)= 8 a f (P) - [Eq 46]
2 yl aMCA seS sceC c 2 .F y s (1+i)y

where y = the year 1, 2,---, n in which the cost occurs

ey the inflation rate in year y relative to year 1

i = the discount rate

= the number of times, on the average, analyses are done for

alternatives to component c

8 =the number of times, on the average, analyses are done for
S.alternatives to system s

= a factor to account for the additional data processing for

* analyses at Concept Design time, > I 

ceC represents the components of ceC of the systems sES which appear
S. in the facilities a of the MCA program in year y for which LCCanalyses will be done

aeMCA represents the facilities a in the MCA program in year y for
y which LCC analysis will be done

seS represents the systems seS in the facilities a for which LCC

analyses will be done

f (Pc) = m 1  f2 (IAm) + m 2  f2 (IBm) + m3 f2 (IIB) +
2 c"1 2"mm 2 -3,2-

"m4  f2 (ITIBm) 
+

M4 2 m
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r f QIA )+ r f (lB + r f (IIB +
1 2 r 2 2 r 3 2 r

4 2 r

where the coefficients m. and r* represent the number of times
J.the analyst-designer acquires tl~e data for the calculation of

cost for the single component c, and the functions f2 (IAm), f2
(IBm)p -- represent costs to acquire the data represented by
the arguments, as described in Chapter 3 (i.e., the cost data
for maintenance and repair procedures for components ccC each
time the data is required).

For the present exampLe, assume that LCC analyses will be performed only
on the HVAC systems for the BOQ, Administrative, Training, and Maintenance
Shop facilities in a single year y MCA program. The MCA program for this
hypothetical year y includes the following numbers of the facilities of inter-
est:

i

BOQ 80

Administrative 20

Training 35

Maintenance Shop 15

The HVAC systems are of several different types, and each consists of seven
components; each component requires three maintenance procedures and four re-
pair procedures. The designer will typically consider three systems for each
facility; he will consider two components for each one selected for a com-
peting system.

For this scenario, there are therefore the following sets:

MCAy [a1 l' 2' '3' '4}

(80 BOQ, 20 Administrative, 35 Training, 15 Maintenance Shop)

S =s
s l

= (I HVACI

5ci = l

= (1 HVACI

ac3 = s

= (1 HVAC)

=(1 HVAC).
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That is, there is only one system s, namely HVAC, of interest out of all
the systems S that constitute a single facility a, and there is one such HVAC
system per facility.

For each selected HVAC system, there are seven components:

Cs = Cl, c2 , c 3 , c4 , c5, c6 , c7}

Since an average of three competing systems are analyzed, B = 3. It is
assumed, arbitrarily, that 30 percent additional work will have Fo be done on
the component-level data to prepare it for use at Concept Design time,

making = 1.30.

It is assumed that all designers want to minimize their efforts at assem-
bling LCC data and are content with present values of lump sum life cycle

maintenance and repair costs for each component they consider. This data cor-
responds to IIIBm and IIIBr in Figure 1. Eq 35, then, becomes

f (P m * f (IIIB ) + r * f (IIIB [Eq 47]
2 c 4 2 m 4 2 r

Since the designers have chosen to use lump sum estimates, the knowledge

that each component requires three maintenance and four repair procedures is
not used, and it is therefore not necessary to know the schedules for the pro-
cedures. The designer typically examines two components for each one he
chooses, so = 2, in Eq 47. Assume that the cost f2 for acquiring IIIBm and

also for acquiring IIIBr is $20. The designer will seek two estimates for

each value, so m4 = 2 and r4 = 2 in Eq 47:

f2 (P = 2 $20.00 + 2 $20.00

$80.00.

The cost summary then becomes, from Eq 46, where, since there is interest
e

only in a single year, Y = 1,
( l+i )Y":

f2 (MCA) = (1.30) 20"(2) (80.00)
2 a [80,20,35,15} .3 ( )(00 )"""

sfl c=1 :

= (1.30) (80 + 20 + 35 + 15) (3) (7) (2) ($80.00)

= $655,200

The total cost for acquiring data alone for this hypothetical situation,

for a single year, is then $655,200.

If the scenario is now changed somewhat to a 5-year period, with the same
facility mix,,and inflation is allowed to increase at 8 percent linearly, dis-

* counting at 10 percent:
4

f2 (MCA) = $655,200 1 -Y
y'o ( 1 +i)Y
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1.08 1.16 1.24 1.32$655,200 [1 e 2 4

(1.10) (1.10) (1.10) 3  (1.10)4

= $655,200 [4.775]

= $3,128,580

where $3,128,580 is the total cost of operating the LCC analysis program de-
scribed in this section over 5 years.

Mode 2, District-Level, Ad Hoc Data Acquisition, Equivalent Annual Cost (EAC)

From Eq 41:

i(l+i) n  
.

EAC (MCA) = f (MCA) [ I [Eq 48]
2 2 (I+i)n-l

For n=5 years, and a discount rate i of 10 percent:
5P

010 (1.10)~
EAC2 (MCA) $3,128,580 ' (1.0) ]

(1. 10)5-1

$3,128,580 [0.2641

$825,945, cost per year to operate the District-level,
Ad Hoc Data Acquisition System to support LCC analysis
as described in this scenario, with 8 percent per year
linear inflation.

Acquisition of Data

The composition of MCA programs in future years is a matter of public
record. Component and system identification is most easily done by the de-
signers and their supervisors.

A convenient way to extract relatively reliable data from the experience
of the analyst-designers is to convene a panel of experts for 3 days, and to
apply the well-recognized Delphi technique to a set of questions posed to the
group. Questions are based on known MCA and system composition and are aimed
at providing consensus values for costs and replication numbers for Eqs 31 and
35, and values for 8 and y, Eqs 30 and 36.

Specific questions that might be posed to the panel of experts or to
sources within the Corps of Engineers and the computer industry are as
follows:

9
1. What facilities (by type) are in the MCA program in each year for the

next n years? (ocMCA)

2. How many are there of each type, in each year? (aeMCA)
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3. For each facility type, list the major systems, by generic name
(e.g., HVAC, flooring, cladding, roof, fenestration, plumbing, lighting, elec-
trical) which will be subject to Life cycle cost analysis. (seS) 2

4. For each generic system, for each facility type, List the identifi-
able kinds of systems that will be considered (e.g., hot water heat, forced
air, electrical resistance, solar). (seS)

5. For each kind of system, for each generic system, list the component
categories (not the number of each component in a specifiz system). For exan- .
ple, a lighting system using fluorescent tubes might be assembled out of lum-
inaires, fluorescent tubes, hangers, wiring, switches, distribution boxes, and
circuit breakers. Knowledge of the exact number of each of these components
which might go into a specific lighting system is not needed. (csC "

6. For every component, determine which of the data categories (i.e.,
IAm, IBm, --- ) of Eq 31 can feasibly be determined. (f (P

7. For every component data category just identified, itemize the most
probable means of acquiring that data, and the time, resources, and total cost
of acquiring it once.

8. For every component data category identified, estimate the number of
times data will be sought to ensure consistency and reliability of values.
For example, is it probable that an analyst would call, say, three suppliers
and average the values given by them? (mi and ri, Eq 31)

9. What is the one-time cost for hardware and software to support a cen-
trally managed database? (Z)

10. What is the annual cost of managing, formatting, updating, and dis-
tributing the data to users? What is the present value of these annual costs,
indexed for inflation, over the next n years? What is this present value of

* cost of operations as a percent of total data acquisition costs? (4*)

11. What is the additional cost, as a percentage of total data acquisi-
tion costs, of processing component-level data for use at Concept Design time?

12. What is the probable number of alternatives a designer would consider
(analytically) before choosing a component of any given system? (y)

13. How many alternative systems would a designer typically consider be-
fore choosing a particular system to incorporate into a design? (8s)

14. What will be the pattern of inflation over the next n years?

15. What is the appropriate discount rate i over the next n years?

16. What is the time horizon in years, n?

Values for variables & and 0 are best determined by an analyst, consid-
ering the amount of effort and number of calculations involved. A reliable
value for Z can be determined only after the magnitude of data volume has been
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established, after considering the MCA program composition, and after the
meeting of the panel of experts suggested above. Discussion with hardware
vendors and software contractors can establish this cost within acceptable ac-
curacy.

Values for inflation ek and the discount rate i are fixed at OCE or at a
higher level. -

Exercise of the Models

The models are well-defined, and, with data available, present no major
problem to a programmer-analyst to prepare computer programs to do the calcu-
lations. a

Costs

1. Panel of Experts
5 @ 3 days = 15 man-days @ $500/day = $7500
Travel and Subsistence

5 x 3 x $50 $750
Air Fare 5 x $650 = 3250 4000

Total $11500

2. Preparation for Panel Meeting -
5 man-days @ $200/day 1000

3. Conducting Panel Meeting
3 man-days @ $200/day 600

4. Summarizing Results of Panel Meeting
2 man-days @ $200/day 400

5. Determination of values for , and --
by analyst
2 man-days @ $200/day 400

6. Determination of value for Z
by analyst
2 man-days @ $200/day 400

7. Exercise of Models
Programming: 5 man-days @ $150/day $ 750
Computer time 500
Preparation of data 200

Total 1450
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8. Preparation of Report

2 days @ $200/day 400

Drafting and reproduction 200

Total 600
$16350

Contingency @ 10% 1650

TOTAL $18000
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6 SUMMARY

This study has developed methodology, examined calculations for life
cycle cost analysis in support of the design functions of the MCA program and
has analyzed the impact of Concept Design and Advance Final-Final Design on
obtaining the data needed to perform the calculations.

Criteria were developed for selecting modes of supplying the required
data to the users; using these criteria, two promising modes were selected:
(1) a centralized database (Mode i) and (2) ad hoc data acquisition by the
analyst-designer (Mode 2).

A general economic model for data supply was developed for each mode. A
plan for applying the two economic models to a hypothetical design situation
was drawn up, and costs to implement the plan were estimated. The models were

shown to be well-defined, and it was determined that the programmer-analyst
could easily prepare programs to do the calculations if the required data is
available.

0.

I__
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APPENDIX

TRIP REPORTS
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SAGE SYSTEMS CORPORATION
403 HOLMES STREET

URBANA. ILLINOIS IS 101

TELEPHONE 217/304-7114

INFORMATION SYSTEMS AND TECHNOLOGY 13 July 1981

TRIP REPORT OExcerpt"

1. Travellers: Dr. E. L. Murphree, Sage Systems Corporation
Mr. Robert D. Neathamer, Construction Engineering

Research Laboratory

2. Date: 9 July 1981

3. Destination: Ft. Worth District, U. S. Army Corps of Engineers,
Ft. Worth, TX

4. Purpose: Discuss procedures used at the District for performing Life
Cycle Cost Analyses in connection with design for the Military Construction
Program, Amy (MCA); determine how District would use a central data base
for LCC studies, if provided, and what features of a central data base
would be required for maximum efficiency; determine alternative data
sources and procedures the District would use, if a central data base
were not provided.

5. Narrative:

a. The Mechanical, Architectural, and Estimating Sections,
Engineering Division, were visited and the above-cited areas of interest
were discussed with Section Chiefs and other professionals in each Section.
Each interview is covered in a separate section, in the following.

b. Mechanical Section: Mr. Paul Armbrust, Chief.

The section uses percentages for LCC studies, not exact costs,
and LCC is used only when there are conflicts with design criteria.

The HVAC simulator program TRACE, developed by the Trane Corp.,
is used by the Section in the HVAC design process.
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For LCC studies now, maintenance and repair (M&R) costs are
estimated as percents of initial cost of the HVAC system under study.
The rationale is that the less equipment (lower initial cost) there is,
the lower will be the M&R costs. For differential cost analyses, M&R
costs are not believed to be large enough to make a difference in the
analyses of alternative systems. The ASHRAE Handbook of Fundamentals (1)
has been considered a likely source of M&R data, should the District be
required to do a detailed LCC analysis on a design. However, that
reference has been consulted recently, and the expected data ($/yr/sq ft
for generic types of systems) was not found.

The following points were made, when the question was raised
about how the District would proceed if it had to develop an M&R data
base of its own for LCC studies.

(1) The District would prepare scenarios of the expected
M&R processes, i.e., the steps M&R personnel have to go through to get
specific tasks done, ordered in time. Another way to look at this is
to do a mental "walk-through" of each M&R cycle. The results would be
sets of sub-tasks that collectively constitute the M&R tasks expected
to be performed for each system considered.

(2) Manufacturers'operating manuals normally give
schedules for maintenance, including descriptions of the tasks which
have to be done, and when. What is missing is data on required skills,
consumable materials and parts, and times to perform the tasks.

(3) There is little on repairs in operating manuals beyond
"trouble-shooting" hints about likely readowns. There is nothing about
either the probable timing of specific breakdowns, or required skills,
consumable materials and parts, and time to make the repairs when
breakdowns do occur.

(4) In order for Mechanical designers to use data in
operating manuals, it must be available to them. At present, designers
do not have access to operating manuals; the manuals go directly to users
at the installations. If data from operating manuals is used in LCC - -

studies in the future, then every District will have to be supplied with
manuals on every piece of equipment they might use in designs. Data from
manufacturers could possibly be biased; the reliability is unknown. If
one or more of the trade publishers (e.g., Chilton (2)) publishes a Rate
Book for mechanical work, this might be a good source of times to do
certain tasks. A ranie of task times, with allowances butI in to allow,
say, for relative difficulty In getting to the equipment requiring
maintenance or repair, would be of more value to the designer than a
single value.
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(5) Even when task times are known, there is great
difficulty in predicting wage rates of maintenance workers, unless they
are Government employees, in which case grades fix the range of wage 0
rates.

(6) Geographical differences in costs are probably not
great. Factors can probably be used to handle this with acceptable
accuracy.

For initial cost estimates, Mechanical designers now use such
standard cost references as Means (3). There is little feedback to the
designers from the Estimating Section, and consequently little information
transfer.

While it may be feasible to assemble reliable data on M&R costs
for individual pieces of equipment in an HVAC system, it is another
matter to do the same for systems assembled from various parts. The
complexity of the system itself, -apart from that of the individual
components, is a major factor in the M&R for the system as a whole.
For example, the connections between components are themselves subject
to breakdown. Further, there is an effect on each component from the
system itself: the breakdown experience of any component is influenced
by the performance of the other components in the system. A valve which
fails and allows a coolant to drain can cause major failures throughout
the system of which it is a part. It may be that allowing a percent of
initial cost is the best approach to M&R of the system, over and above
that of the individual components.

The question was raised about whether the reliability of LCC
analysis is good enough to include M&R costs. Is the value of M&R data
worth what it costs, whatever that cost may be?

job
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If OCE does not provide a data base to support LCC studies, then
the District will get data from manufacturers and trade journals such as
Heating, Piping and Air Conditioning Magazine (4) and The Specifying
Engineer Magazine (5). M&R studies would probably not be accumulated;
a new one would have to be done for each case, as it arises.

Energy studies are done now on 10-12 projects/year now. TRACE
(or occasionally BLAST) is used, and it takes 5-6 runs for each project
before final design. Cost is $750 to $1500 for each facility for these
energy studies. No LCC analysis is done unless 2-3 alternatives are
very close on energy costs, or there is a conflict with design criteria.
On these studies, it is assumed that all "ownership" costs are the same
on all competing systems.

The Section has no preference on the medium for presentation of
the M&R data, should OCE provide a central data base. A technical manual
would suffice. Curves, with cost ranges, are more easily used than are
tables. A recommended approach is to present the costs as percents of
initial costs of the equipment.

c. Architectural Section: Mr. J. Uriel Quinones, RA, Chief; and
Mr. Roy Perkins.

Several years ago, the Architectural Section was doing LCC
analyses on architectural features of design jobs, but the practice was
stopped by the Southwest Division. Simple design jobs were requiring 1-2
man-weeks for LCC studies on architectural features such as painting and
flooring replacement. Some designers (2-3) accumulated a data base to
use locally. The M&R data accumulated and used in the analyses came from
the designers' experience and from experience of the Facilities Engineers
at installations in the District. It was known that biases were in the
data, but they were the best data available, and no other sources were
available.

A computer program written by Mr. Don Baldwin, OCE, was used
for the calculations, and the input forms for the program dictated the
data that was sought. Once the basic decisions about M&R timing had
been ma4e, and the data gathered, the analyses were more or less routine.

No reasons were given about why the Division stopped the analyses,
but it was possibly due to the fact that the LCC analyses were causing
some deadline slippages.

The architectural designers do not feel that they have the
and a computer program to do the calculations. Computer analysis is

preferred over hand calculation methods. If LCC is required, the
Architectural Section would seek to have the Estimating Section do it all.

At present, only informal, "common-sense" economic decision-
making is done in connection with the designs. At the end of each phase
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(Concept, Advanced Final, Final) of design, the design goes to the P
Estimating Section for an estimate of initial cost. It is rare to change
a design.

The architectural designers now use Sweet's Catalog (6) for
design data; there is, however, no M&R data there. If required to do
LCC studies, the designers would go to the Facility Engineers for data
based on their experience. A second potential source of M&R data is
maintenance contractors, who must have a data base on the types of items
they regularly service or maintain in order to remain competitive. The
District has had good cooperation from maintenance contractors in the past.

If the Section is required to do LCC analyses, then more .
manpower in the Section wili be required to do it. At present, about 15%
of the designs are done in-house, 85% by A-E firms. A separate group
within the Section does reviews of A-E designs.

The user often defines many basic design features, leaving little .
room for the designers to impact the M&R costs. At 1391-time, many major P
architectural design decisions have already been made. By Pre-Design
Conference time, the major design decisions are made. LCC analyses must
be performed in support of these major decisions if it is to have any
important effect on long-term costs.

d. Estimating Section: Mr. Wiley Jones, Chief. P

The Section only does estimates for initial costs. Data usually
comes from the Berger Building & Design Cost File (annual) (7); a locally-
developed format, ENG Form 150 (1959), is the standard for all estimates.

On request, the Section provides, from standard cost references,
data on costs for specific M&R tasks, e.g., painting. These data include
costs for consumables and labor; the designers must decide, however, how
often the task is repeated. No information on M&R is known by the
Estimating Section to be available from any manufacturer.

If LCC analyses were requested often, repeats of the same p
alternates, the Section would eventually build up a file of "standard"
analyses, and simply refer to them as necessary.

The Section has no suggestions on how a designer might locate
or generate M&R schedules for building components.

The mission of the Section is seen as the duty to determine
whether a project is at or near budget. There is no procedural mechanism
to promote feedback of cost consequences of design decisions to the
designers.

6. Conclusions: p

a. While in the recent past, the Ft. Worth District has performed
LCC analyses, little or no such analyses are currently being done. The
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Chiefs, Mechanical Section and Architectural Section, are well acquainted
with both the procedures of LCC analysis and the data requirements.

b. The Chief, Mechanical Section, had specific logical suggestions
as to how he would proceed if he were required to perform LCC analyses and
to generate data locally to support such analyses. His suggestions should
be examined closely in connection with the economic study of LCC data base
alternatives.

c. Major architectural design decisions, wherein LCC analysis can
often make the greatest impact, are often madc before the architectural
designers see the project. Accordingly, if LCC analysis does not play
a part in decision-making at project planning time (1391 and Pre-Design
Conference times), little will be gained in economies through use of
the technique during design.

d. The estimating Section is not organized to support the designers
in decision-making. To require such support from the Section will imply
major reorganization and redirection of the Section.

7. References:

(1) ASHRAE Handbook of Fundamentals, The American Society of
Heating, Refrigerating and Air Conditioning Engineers, 345 East 47th Street,
New York, NY 10017. -

(2) Flat Rate Book, Chilton Company, Chilton Way, Radnor, PA
19089, published periodically.

(3) Building Construction Cost Data, Robert Snow Means Company,
Inc., 100 Construction Plaza, Duxbury, Mass. 02332, published annually.

(4) Heatin/Piping/Air Conditioning, Reinhold Publishing Co.,
2 Illinois Center Bldg., Suite 1300, Chicago, IL 60601, published monthly.

(5) Specifying Engineer, Cahners Publishing Co., Inc., 5 South
Wabash Ave., Chicago, IL 60603, published monthly.

(6) The Sweet's System, Sweet's Division, McGraw-Hill Information
Systems Co., 1221 Avenue of the Americas, New York, NY 10020, publishedannually. ::::

(7) Berger Building Design Cost File, Van Nostrand Reinhold Co.,
135 W. 50th St., New York, NY 10020, published annually in regional
editions.
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Senior Consultant
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SAGE SYSTEMS CORPORATION
403 HOLMES STREET

URBANA. ILLINOIS 61601

TELEPHONE 2 17/384-71 14

INFORMATION SYSTEMS ANO TECHNOLOGY 11 August 1981

TRIP REPORT "Excerpt" S

1. Travellers: Dr. E. L. Murphree, Sage Systems Corporation
Mr. Robert 0. Neathammer, Construction Engineering

Research Laboratory -.-

2. Date: 5 August 1981

3. Destination: Sacramento District, U. S. Army Corps of Engineers,
Sacramento, CA

4. Purpose: Discuss procedures used at the District for performing Life
Cycle Cost Analyses in connection with design for the Military Construction
Program, Army (MCA); determine how District would use a central data base
for LCC studies, if provided, and what features of a central data base
would be required for maximum efficiency; determine alternative data
sources and procedures the District would use, if a central data base
were not provided.

5. Narrative:

a. The Military Design Branch, and the Mechanical-Electrical Design
and Estimating Sections, Civil Design Branch, Engineering Division, were
visited and the above-cited areas of interest were discussed with Section
Chiefs and other professionals in each Section. Each interview is covered
in a separate section, in the following.

b. Military Design Branch: Mr. Louis J. Santin, Chief; Mr. D. W.
Reynolds, Chief, Design Section B; Mr. W. D. Jackson, Reg. Architect,
Design Section A.

The Military Design Branch has within it two Design Sections,
A & B, each of which has architectural, civil, and structural designers.
The designers perform the designs and also do quantity take-offs for
estimating construction costs. After the take-offs have been done, the
Estimating Section of the Civil Design Branch does the pricing for the
estimates. The Mechanical-Electrical designers operate the same way,
doing the take-offs and passing them on to the Estimating Section for
pricing.

Some LCC analyses have been done in the past, and data has been
a problem. The ASHRAE Handbook (1) has been useful, but no data has
been forthcoming from the installations on M&R experience.
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During the mid-1970's, LCC analyses were done on projects.
While the FE's at installations were not oriented toward providing
the types of data required for the analyses, they did provide material
from which data were developed for the analyses.

The Facilities Engineers' "Red Book" (2) is not a useful source
of data, since all costs for a single type of facility are lumped
togetherwith no discrimination. The potential user has no indication
What facility categories the listed costs are based on (new, old,
renovated, etc.).

The District has used the engineered M&R programs (Engineered
Performance Standards, or EPS) approach, in which they have assumed a
program for each type of maintenance and repair job expected to be done.

AData to support this approach includes materials and supplies in a t
pseudo-man-hour cost. [NOTE: This precludes the possibility of using
tabulated man-hour data for manpower planning and materials and supplies
tabulations for procurement planning.]

It has been found to be costly and time-consuming to collect
raw data and then process and manipulate it as necessary to reflect
the actual situation in any given study. Engineers must apply judgement
to the data in any data base, and in order to do so must have confidence
in their reliability. A full program of LCC analysis in support of the
District's design program will require at least one full-time person to
keep procedures and data current.

During the 1974-1977 period, when LCC studies were being done,
a computer program supplied by OCE, written by Mr. Don Baldwin, was used
for the calculations. TRACE was used on energy studies. The designers
were not supported by the estimators, who did not have the data required,
rso the designers were forced to gather data themselves.

In order to be most useful, LCC must be done in support of
design decisions at concept phase. It is important for the designers
to have leeway at concept design phase, to take advantage of local
conditions (e.g., site characteristics, materials available in the area,
capabilities of local contractors). Should MCC be required, it will be
very helpful to the designers to have a quick, easy way to guide an LCC
study, to give a quick look with limited information, then go into more
detail with better data, if warranted. An interactive data base, with
data at different levels of detail, at the systems level for concept
design, more detail for final design, would be most useful. An
integrated interactive CC analysis system could provide data at the
best level of detail and also perform the calculations. A feature of
such a system that could lead new users through the process would be
valuable. A centralized computer-based interactive system for both
data and procedures, is needed for LCC analysis to be economical and
pr actical. A drawback is that relatively few people in Districts have
computer skills. On the other hand, data published in book form are
always obsolete. No problem is foreseen in having A-E's use CE
programs and data to do LCC studies.
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Production of the studies is heavily labor-intensive, and must
be well-organized to improve efficiency if the studies are to be routinely

done. One LCC analysis by hand is enough; once an analyst understands the
process and is convinced a computer program is doing what he wants done,
the entire process can be automatic. The reports should reference standard
procedures and programs, and not show calculations. They should show
assumptions, key data values, and results, only. The reports should be
streamlined physically, for ease in production, storage, and use, by
standardizing as much as possible. Once a study has been done on a
much-used component (e.g., floor tile), that study should be referenced,
and not re-done over and over.

Even when LCC analysis shows a lower LCC cost on a high initial
cost item, regulations and policies on first cost may control the final
decision. Effective use of LCC analysis may require changes in current
regulations and policies.

c. Mechanical-Electrical Design Section, Civil Design Branch:
Mr. Thomas E. Nissen, Chief.

The mechanical desiqners. both in-house and out-of-house, use
TRACE and BLAST for energy studies,

M&R data may be available from commercial maintenance tirms.
Local utilities can provide rate data. Engineering judgement is seen as
the best source for expected lives of components and expected replacement
costs. Engineered 1&R procedures (i.e., EPS, as referred to earlier in
this Report) must be developed for use with current labor and parts costs.
This kind of "ideal maintenance schedule" is the only feasible way to
insure valid comparisons between alternative designs.

While historical data may exist for some kinds of equipment,
solar systems do not have a long history. How does a designer estimate
future M&R costs for solar systems? Engineered M&R procedures seem to
be the only answer.
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Experience in the Section with LCC analysis has been that the
designers quickly learn which systems are best for each locality and for
typical building sizes. Analyses often show that competing systems don't
differ as much as the accuracy of the analysis techniques. Continuing to
repeat studies when results are known in advance does not make economic
sense.

The Estimating Section does not see a design until the concept
design is complete. Most often, the estimators do both quantity take-off
and cost extensions. Designers sometimes do take-offs, but the estimators
always put dollar values on the estimate. Under the present arrangement,
designers have only a general idea of costs.

Should the District be required to do LCC analyses on a regular
basis, changes will have to be made in the operating procedures. The
designer should do the analyses, not rely on another party to do it on
request. Engineers need to have confidence that a computer program is
doing, in fact, what they think it is doing. Both data and programs
should be available on a computer, for ease in both use and updating. -
Geographical data is vital. A centralized data base, accessible to all
users, is highly desired. The use of a book and attempting to keep data
current is not the way to do it.

If data is not provided through a centralized data base, then
designers will have to seek their own data. Telephone calls take the
time of two or more people, in addition to the costs of the call itself.
Duplication of effort will be the result of this approach.

The benefits of centralized data base and procedures are
several:

(1) Consistency of analyses within each District and
nationally.

(2) Quality of data can be controlled, and this quality
can be reflected in the analyses.

(3) Costs of building and maintaining separate data bases
at every District can be avoided.

In order to make doing the analyses palatable to the designers, basing
both data and procedures on an accessible computer is the best way to
do it. Designers do not want to "run a program." They want an answer
to use in their design work. A "user-friendly" LCC analysis system
patterned after PLATO BLAST, with "hand holding" for the inexperienced
user, is probably the best approach.

Doing LCC analyses without accurate, reliable data is
demoralizing to the engineer, who rapidly loses respect for the system,
and certainly for the analyses themselves; and by extension, for all such
analyses. A single, well-maintained data base will lower the wide
variation now found in similar analyses.
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d. Estimating Section, Civil Design Branch, Engineering Division:
Mr. Frank Ching.

For cost estimating, the Estimating Section prefers a
centralized system, with standardized data and procedures, making for
ease of review. The Section now uses many sources for data for initial
cost estimates, and is now considering a locally devised computer data S
base for all estimating. It will take one man full time, perhaps, to
maintain it.

Policies often prevent higher initial cost designs from being
chosen, even if M&O costs are lower than those of competing designs or
if the entire life cycle cost is lower. Regular reliance on LCC S
techniques for design decisions may require some changes in policies.

The Section favors LCC analysis in support of designers, but

stresses the need for uniformity in data and procedures.

6. Conclusions: p

a. The District has been involved in preparing many LCC studies
in past years, but only prepares such studies on request at present.
The knowledge of procedures is relatively wide-spread in the District.

b. There is a relatively well-developed belief that LCC matters,
both data and procedures, should be centrally controlled and maintained,
and that a computer system, easily available to the designers, is the
best way to proceed.

c. The same concerns about unknown quality of data were voiced here
as elsewhere. Historical data from any source is not expected. The
engineered M&R procedures approach was promoted as the most reasonable
way to provide uniform reliable M&R data for the analyses.

d. The Estimating Section does not seem to fit into the operating
procedure that will probably emerge when LCC analysis is done on a regular
basis.

7. References:

(1) ASHRAE Handbook of Fundamentals, The American Society of
Heating, Refrigerating and Air Conditioning Engineers, 345 East 47th Street,
New York, NY 10017.

(2) The Facilities Engineers' Red Book.

E. Lle Mrphree, Jr. PhD.
Senior Consul tant
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SAGE SYSTEMS CORPORATION
403 HOLMES STREET

URBANA. ILLINOIS 81801

TELEPHONE 217/314-7114

INFORMATION SYSTEMS AND TECHNOLOGY 17 July 1981

TRIP REPORT

1. Travellers: Dr. E. L. Murphree, Sage Systems Corporation
Mr. Robert D. Neathammer, Construction Engineering

Research Laboratory

2. Date: 15 July 1981

3. Destination: Savannah District, U. S. Army Corps of Engineers,
Savannah, GA

4. Purpose: Discuss procedures used at the District for performing Life
Cycle Cost Analyses in connection with design for the Military Construction
Program, Army (MCA); determine how District would use a central data base
for LCC studies, if provided, and what features of a central data base
would be required for maximum efficiency; determine alternative data
sources and procedures the District would use, if a central data base
were not provided.

5. Narrative:

a. The Mechanical, Architectural, and Estimating Sections,
Engineering Division, were visited and the above-cited areas of interest
were discussed with Section Chiefs and other professionals in each Section.
Each interview is covered in a separate section, in the following.

b. Architectural Section: Mr. Leonard Borton, Chief; Mr. Logan B.
Dixon, Jr.

About 10 years ago, the Savannah District was doing LCC studies,
but ceased doing so. The work then was a joint effort with "Cost
Engineering," or estimating, and the designers. If the District was
required to do LCC studies now, M&R data would have to come from users
and the manufacturers. Data from manufacturers, which would probably
reflect "average" use, would be in error to a certain extent for
application to military facilities. Military bases are not "average".
users, and the wear and tear on building components is not "average."

The Savannah District has been responsible for $250 million in
design and construction since 1962. The target is to do 25% of this
design in-house, the remaining 75% being done by A-E firms. Some design
review is now being done on contract with A-E firms. A requirement for
LCC analysis will place more work on the designer; A-E's will do the LCC
analyses as part of the design contract, and will want higher fees to
cover the extra work. In the long run, however, the additional cost will
not likely be much.
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Economic analyses during design will change the way designers
work, and will change the relationships between designers and cost
estimators. The successful application of LCC to the design process
requires rapid assessment of costs for design decisions. A basic
question in this matter is whether the designers and estimators could
(or should) be taught to do the analyses together, as a team; or the
designers should be taught to do the analyses themselves, using
references for procedures and data.

Special requests for LCC studies are done now, as the
knowledge of how to perform them exists in the District.

The general feeling is that an OCE-produced data base
would be the best solution to providing uniform, reliable data for
the analyses. Hand calculations are very time consuming and are of
questionable benefit as a learning experience. Computer programs for
the calculations are recommended. A data base on a computer, which
can be kept up to date easily, is seen as a better alternative than
printed data books, which are apt to be out of date and expensive to
maintain.

c. Mechanical Section: Mr. William Plunkett (Energy Analysis).

The Section uses BLAST for in-house design. TRACE is usually
the choice of A-E firms, however. M&R costs are assumed to oe the same
tor any competing system, ana are ignored for LCC analyses. If LCC
analysis were required, cost data would be needed for high cost M&R
items only. Accuracy of data is suspect.

Typically, analyses are done on 3-4 fan systems, 4-5 alternates
on solar systems, and perhaps as many as 6 different configurations on a
central HVAC plant design.

Good quality LCC analyses require reliable data,but M&R data
on large equipment is not known to be available anywhere. Repair data
may be available from users, if it can be tied to maintenance programs
actually in place. Maintenance contractors might be a source of
reliable data; universities also might have good records on M&R.

It would be helpful to users, if BLAST had default tables
built in, to avoid the level of data now required for BLAST input.

d. Mechanical Section, Design: Mr. William Sanford, Assistant Chief,
for Mr. W. H. Leavengood, Chief (who arrived later).

Some 11-12 years ago, the District tried doing LCC analysis. At
that time, attempts were made to get M&R data from Facility Engineers,
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with no success at all. No useful records on M&R were kept at the
installations. The District then went to the manufacturers for data,
notably TRANE, with some success. TRANE remains the best source of
M&R data.

The District does not get involved directly with M&R of the
facilities. Data must come from users (and, perhaps, manufacturers).

The tending to more complex HVAC systems to save energy is
resulting in more breakdown-prone control systems, forcing a greater
M&R load on the Facilities Engineers to provide repairs on sophisticated
equipment. Skills for making these repairs often do not exist at the
FE, and more outside contracts are required to provide the required
skills. The savings in energy are, then, being offset somewhat by
higher M&R costs of the more complex systems. One cannot assume that
M&R costs are the same for all HVAC systems and omit them from LCC
analyses.

Experience with LCC analyses has shown that, for a given
facility type, comparative studies of alternative designs produce much
the same results. After a few for a facility type, there is no point L
in continuing to do them.

The design load at the District is around 150 projects at any
time. With only 7 mechanical designers, including 2 trainees, most work
goes to A-E firms. More would probably go out-of-house if LCC analyses
were required. A-E designers do LCC analyses themselves, during the
design process. Some analyses are known to have been done at concept
design phase. Sources of their data are not known; large A-E firms
possibly have their own data bases.

For mechanical work, TRANE is a leader because of the TRACE
program, which was made available in 1975-76. They have a staff of
experts to answer questions on call. While designers use TRANE data,
they cannot know in advance what manufacturer's equipment will actually
be bid and installed by the contractor. There is considerable difference
in equipment which meets specifications. Therefore, data for analyses
must be representative, and useful at design time. Specific models cannot
be specified, so even if data on specific models is in the data base, it
cannot be used with confidence.

e. Estimating Section: Mr. Anmons, Chief; Mr. Jack Kaylor,
Estimator.

With a load of around 150 projects a year, and a much larger
work load expected by 1984, the Section now spends 4-5 man days for
each final estimate, and less time on each concept estimate. The Section
averages about 4 estimates on each project, as it moves through the
design and contract award process.

Data for estimates comes from standard cost references such as
Means (1). Means also publishes a data book on renovation costs and
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labor times for standard tasks, which the estimators often use to estimate
renovation and major repair costs. The Section does not do LCC analyses
and has no suggestions as to sources of M&R data. On request, they
provide data on materials and labor times to designers doing LCC analyses.
As to how often equipment or building components must be replaced, the
user's (FE's) might have data. The Section does not do LCC analyses,
does not have the data, and has only elementary knowledge of the techniques
involved.

The Section often gets current cost data from suppliers and

contractors, to supplement costs from standard cost references.

6. Conclusions:

a. The District has had some experience in the past with LCC
analysis, but does not do it now in support of the design process.

b. Mechanical designers routinely do energy analyses with BLAST,
and are aware of the M&R consequences of complex HVAC systems, but are
not explicitly considering differential M&R costs when comparing
alternative system designs.

c. There is an awareness that routine use of LCC in the, design
process will fundamentally alter the way designers work, and possibly the
relationship between designers and estimators. -

d. LCC analysis is foreign to the current estimating process and to
the mission of the Estimating Section, as understood by the estimators.

e. BLAST would be more useful if it did not require such detailed
input data.

f. No opinions were expressed as to a centralized data base.

7. References:

(1) Building Construction Cost Data, Robert Snow Means Company,
Inc., 100 Construction Plaza, Duxbury, Mass. 02332, published annually.

1. Mile Murphree,.4r., Ph
Senior Consultant
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SAGE SYSTEMS CORPORATION
403 HOLMES STREET

URBANA. ILLINOIS 81101
TELEPHONE 217/304-7114

* INFORMATION SYSTEMS ANO TECHNOLOGY

TRIP REPORT

1. Travellers: Dr. E. L. Murphree, Sage Systems Corporation
Mr. Robert D. Neathammer, Construction Engineering

Research Laboratory

2. Date: 9 September 1981

3. Destination: Office, Chief of Engineers, U. S. Army Corps of Engineers,
Pulaski Building, Washington, 0. C.

4. Purpose: To meet with Dr. Larry Schindler, Technical Monitor for Life.
Cycle Cost research at CERL, and to discuss results of the interviews at .,
the Ft. Worth, Savannah, and Sacramento Districts. To discuss contents of
final report, Contract No. DACA88-81-C-0014, dated 1 June 1981.

5. Narrative:

A presentation was made to Dr. Schindler on the results of the
information gathering trips made to the Ft. Worth, Savannah, and Sacramento
Districts.

Dr. Schindler stated that the information obtained as a result of the
trips supported his own belief that a centralized computer-based data base
to support LCC analyses would be more economical than the alternative of
requiring each designer to locate the data he needs for an analysis.

The point was made by Dr. Murphree that, while it appears that this

is true, we have no hard data to support this position.

Dr. Schindler put forth the question of the benefits to be gained by
doing life cycle analysis at all, and requested that the report address
the problem of establishing the economic benefits, if any, of doing LCC
analysis, versus not doing it.

LIle Murphree, Jr, Ph
Senior Consultant D(--/
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USER EVALUATION OF REPORT S S

* ~REFERENCE: CERL-TR P-164, "Economic Analysis Models for' Evaluating C:W
Coats of a Life Czjcie Cost Data Base"

Please take a few minutes to answer the questions below, tear out
* this sheet, and return it to CERL. As a user of this report, your

customer commnents will provide CERL with information essential forI ~improving future reports. .

1. Does this report satisfy a need? (Commnent on purpose, related
project, or other area of interest for which report will be used.)

* 2. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of________
ideas, etc.)_______________ _____

3. Has the information in this report led to any quantitative9 0
savings as far as man-hours/contract dollars saved, operating
costs avoided, efficiencies achieved, etc.? If so, please
elaborate. __________________________

4. What is your evaluation of this report in the following areas?

j ~~~a. Presentation: _____________________

b. Completeness: ____________________

c. Easy to Understand: __________________

rn d. Easy to Implement:* *



e. Adequate Reference Material:_________________

f. Relates to Area of Interest:_________________

g. Did the report meet your expectations? *.. .. . . . . . . . . . . . . . . . . . . . . .

h. Does the report raise unanswered questions? __________

i. General Commnents (Indicate what you think should be changed to * .

make this report and future reports of this type more responsive to your
needs, more usable, improve readability, etc.)____________

5. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic, please
fill in the following information. * *

Name:_________________

Telephone Number:________________

Organization Address:_ _ _ _ _ _

* 6. Please mail the completed form to: *

Department of the Army
CONSTRUCTION ENGINEERING RESEARCH LABORATORY
ATTN: CERI-SOY
P.O. Box 4005

Champaign, IL 61820 * 0*,
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